The metabolic turnover rate and the transcapillary escape rate of albumin were studied using 13 'I-labeled human albumin in nine untreated subjects suffering from essential hypertension. The average mean arterial blood pressure of these subjects was 162/109 mm Hg; seven subjects had grade I-II funduscopic changes. Plasma albumin concentration was normal, but plasma volume was reduced (P < 0.05) in these subjects. Thus, the previously reported moderate decrease in the intravascular albumin mass of hypertensive subjects was confirmed; the average value for intravascular albumin mass in the present study was 62.8 g/m 2 surface area compared with a normal value of 70.6 g/m 1 (-11%, P < 0.05). A surprising finding was a marked enhancement of albumin metabolic rate in essential hypertension. The fraction of intravascular albumin mass metabolized per 24-hour period was on the average 14.4% compared with a normal value of 8.4% (+729f, P < 0.001). The rate of synthesis was 9.1 g/24 hours m" 1 compared with a normal value of 5.9 g/24 hours m~* (+54%, P < 0.001). Total body albumin mass was decreased proportionally to intravascular albumin mass. Confirming a previous observation, we found an increase in the transcapillary escape rate of albumin (fraction of intravascular mass passing to the extravascular space per unit time) from a normal average of 5.6%/hour to 7.5%/hour (+34?c, P < 0.001). There was a statistically significant positive correlation between the transcapillary escape rate of albumin and blood pressure (P < 0.05). These findings can best be explained by increased filtration due to the high arterial blood pressure. There was also a positive correlation between the transcapillary escape rate and the fractional catabolic rate of albumin (P < 0.05). This finding supports the concept that albumin is catabolized in connection with its permeation through the capillary endothelium.
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• Recently we found that untreated subjects suffering from essential hypertension have normal plasma albumin concentrations and reduced plasma volumes; thus, their intravascular albumin masses are reduced (1) . Theoretically, this decrease in intravascular mass could reflect either a redistribution of body albumin with an increase in the extravascular albumin mass, as recently proposed by Ulrych (2) , or a reduction in the total albumin mass of the body. In our study (1) and in that of Ulrych (2) , the transcapillary escape rate of albumin (fraction of intravascular mass of albumin that passes to extravascular spaces per unit time) was significantly increased; moreover, it correlated with blood pressure. We have also found positive correlations between the transcapillary escape rate and the fractional catabolic rate of albumin in data in the literature concerning various patient categories and in our own data on the effects of acute plasma volume expansion (3, 4) . Therefore, we thought that it would be interesting to determine whether the increased transcapillary escape rate of albumin in hypertension is associated with an increased metabolic rate, that is, with increased rates of albumin synthesis and breakdown.
Methods
Seven male and two female subjects with essential hypertension were investigated. The subjects were engaged in normal everyday life including work, and the investigation took place in the out-patient clinic. The clinical and laboratory data for each subject are shown in Table 1 . Body surface area was calculated according to DuBois and DuBois (5) . Blood pressure was measured daily after 10 minutes of rest in the supine position; the average of at least ten determinations during the investigation period was used. In subjects 6-9, central venous pressure was measured during the first hour after the start of the investigation. None of the subjects had a past history' or present evidence, clinically or radiologically, of cardiac failure, none of them had protein or glucose in their urine, and all had normal serum creatinine values. Seven subjects showed grade I-II hypertensive funduscopic changes. The hypertensive state had been recognized for less than 1 month in five of the subjects and from 0.5-5 years in the remaining four. Five of the subjects had never received any kind of antihypertensive therapy, and in the remaining four treatment was stopped at least 2 months before the investigation. All nine subjects were considered to be in a metabolic steady state during the investigation, since there were no systematic changes in blood pressure, plasma protein concentrations, hematocrit, or body weight. The albumin metabolic studies were performed as described previously (6) . m I-labeled albumin for metabolic purposes (Kjeller, Norway) was used as the tracer. The preparation consisted of human albumin iodinated electrolytically with less than one iodine atom per molecule, and it contained less than 1.0% non-proteinbound iodide. Previous studies have shown that the preparation is of satisfactory physicochemical and metabolic quality (7) : no fraction of the tracer protein is trapped in the liver or in other parts of the reticuloendothelial system, "'I liberated from the labeled tracer is excreted in the urine as a constant fraction of its intravascular activity except during the first 24 hours after administration, and the fractional catabolic rate of the tracer is as low as that reported in all reliable studies (in animal experiments, it equals the turnover rate of biosynthetic 14 C-albumin) (for review see ref. 8) . Several studies have shown agreement between results calculated from simultaneous studies of '"I-albumin turnover and albumin synthesis measurements using the "Cbicarbonate method (for review see ref. 9 ).
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Each study was started in the morning after the subject had fasted for at least 12 hours and rested in the supine position for 30 minutes. About 20 fie of tracer was injected intravenously. Plasma samples were drawn after 10 minutes and again seven more times over the first 60 minutes. In like manner, plasma sampling was continued daily for the next 2 weeks and twice in the third week. The last sample was collected 18-20 days after the injection. Radioactivity was measured in 3 ml of all samples and compared with that of a known standard to determine the injected dose. Thyroid uptake of radioactive iodide was blocked by administering 50 mg of potassium iodide daily throughout the investigation. Thus, '"I liberated by breakdown of the tracer molecules was excreted in the urine with a clearance of about 35 ml/min.
Albumin concentration in the plasma was determined by quantitative immunoelectrophoresis according to the method of Laurell (10), and total protein concentration (TP) was measured by refractometry. None of the subjects had interfering hyperlipemia.
The radioactivity of all plasma samples was expressed in relation to TP (counts/sec TP" 1 ) to avoid errors due to accidental plasma volume changes. Transcapillary escape rate (TER) was calculated as the percent of the intravascular albumin mass passing to extravascular compartments per hour. It was determined as the rate constant of the practically monoexponential decrease in specific plasma activity over the first 60 minutes after injection as calculated by the least-squares method. We have described this procedure and the theoretical basis for the calculation of TER in detail previously (1, 11) . The term "transcapillary escape rate" was used in the present study, because it is conventional terminology. However, we realize that this term is, to some extent, a misnomer, since the rate is a measure of the permeability of the microvasculature, of which the capillaries are only a part. Plasma volume (PV) was calculated by retropolation of the initial part of the disappearance curve and from the injected dose. Intravascular albumin mass (IVM) was equated with plasma albumin concentration multiplied by PV.
The remaining metabolic variables were calculated after graphic resolution of the total plasma activity disappearance curve plotted with specific activity as the logarithmic ordinate versus time on a linear abscissa. A typical example is shown in Figure 1 . The calculations were based on the noncompartmental model of Nosslin (12) . The fractional intravascular activity P(t), was represented by a sum of two or three exponentials:
where t is measured in days. Each c value is an intercept and each b value is a rate constant.
The fractional catabolic rate (FCR) = l/JVP(t)dt = 1/2, 3 . ,c/b = fraction of IVM catabolized per 24 hours. The metabolic turnover rate of albumin (S) = IVM FCR (g/24 hours). When masses are constant (steady state), S equals the rate of svnthesis. The distribution ratio (D) = (J>P(t)dt)7J>tP(tjdt -(2j ! _ 1 c/b)72;_ 1 c/b 2 = fraction of total albumin mass located intravascularly. Finally, total albumin mass (TM) = IVM/D(g).
CONTROL VALUES
The results of the TER measurements were compared with those obtained in 10 normal male subjects by exactly the same technique (1) . The other metabolic variables were compared with those obtained by Rossing (6) in 21 control subjects (6 females and 15 males) using an identical experimental procedure. The only exception was that whole-body counting was not performed in the present study; however, this lack was compensated for by extending the plasma sampling from 10 days to 18-20 days. Table 1 contains the means ± SD of age, height, weight, surface area, blood pressure, and serum creatinine for the control subjects. The "'I-albumin turnover was determined in 4 other normal males not included in Table 1 during the period when the present investigation was carried out. The results, published elsewhere (4), were quite comparable with those previously published (6) . The reproducibility of a 131 I-albumin turnover study can be estimated by repeated studies in the same subject. Thus, Andersen and Rossing (13) found by studying the same subject four times over a period of 6 months that all variables fluctuated with a coefficient of variation of less than 8^, which is within the statistical error of the methods (4, 8) .
STATISTICAL ANALYSIS
The significance of differences was tested using Student's £-test.
Results
The results of the albumin metabolic studies are given in Table 2 . S, FCR, and TER were significantly increased in the hypertensive subjects (P < 0.001). On the average, S was increased 54%, FCR 72%, and TER 34<£. The intravascular and the total albumin masses were both significantly reduced in the hypertensive subjects compared with the nor- mal values given by Rossing (6) (P < 0.05). Table 3 demonstrates that plasma volume and intravascular albumin mass were significantly reduced in the hypertensive group, regardless of whether the two female hypertensive subjects (subjects 3 and 8) were included, compared with the normal values from Parving and Gyntelberg (1). This finding held whether the values were expressed in relation to height, body weight, or surface area (P < 0.05). Plasma albumin concentration did not differ significantly between normal and hypertensive subjects. Figure 2 illustrates that the increase in TER significantly correlated with systolic (r = 0.71, P < 0.05), diastolic (r = 0.70, P < 0.05), and mean (r = 0.71, P < 0.05) blood pressure. A positive correlation between TER and FCR for albumin was found in the hypertensive group (r = 0.67, P < 0.05) ( Fig.  3 ). There was, however, no correlation between blood pressure and FCR. The mean of the four measured central venous pressures was 2.7 mm Hg (range 0.7 to 6.1 mm Hg), which is not significantly different from the normal mean of 1.2 mm Hg (normal range 1.4 to 3.6 mm Hg) (4).
Discussion
The metabolic findings in the present study were so unexpected that all elements of the investigative procedure should be analyzed critically before the results are interpreted.
PARVING. ROSSING, JENSEN
A prerequisite for correct results regarding endogenous albumin metabolism is that the organism does not distinguish between labeled, and endogenous albumin. The tracer albumin has previously been shown to be pure and metabolically undenatured (7) . It was labeled electrolytically, which is the gentlest procedure according to Katz and Bonorris (14) . In all metabolic studies employing this preparation, we observed that the fraction of the intravascular activity in the urine excreted during the first 24 hours was smaller than that seen subsequently. We have also found that that transcapillary escape rate remains within the same range in normal studies performed over a 2-year period; this finding rules out the possibility that gross denaturation causes rapid uptake by the reticuloendothelial system of some of the batches (1, 4, 11) . In control metabolic studies in four normal subjects (4) examined during the period of the present investigation, we have found FCR Correlation between transcapillary' escape rate (TER) and fractional catabolic rate (FCR) of albumin in the hypertensive group {y = 7.fix + 2.5, r = 0.67, P < 0.05). Note the difference in the time units of the abscissa and the ordinate.
Circulation Research, Vol. 35, October 1974 values within the normal range reported by Rossing (6) with one upper border-line value of 11.2%/24 hours (Fig. 4) . This observation leads us to conclude that the metabolic behavior of the tracer was satisfactory.
As stated, the reference group was taken from a previous study in which whole-body counting was employed to assess the time constant of the slowest component ("final slope") (6) . However, Table 4 shows that when metabolic studies are prolonged to a 3-week period the results calculated with and without the support of whole-body curves are the same. For this reason, the differences in data handling in the present study-we used 3-week plasma curves and no whole-body curve-cannot explain the abnormally rapid albumin metabolism in the hypertensive group. The fact that the 
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U . Correlation between transcapillary escape rate (TER) and fractional catabolic rate (FCR) of albumin (y » l.I3x + 5-5, r = 0.74, P < 0.001 controls did not match the experimental subjects exactly with regard to weight and surface area can in no way explain the observed abnormalities, since these factors are of only slight importance (6) . A further point stressing the validity of the two control groups is the fact that the values for IVM/m 2 surface area were almost identical, namely, 71 ± 7.0 g/m 2 in one group (Table 3) and 70.6 ± 7.0 g/m 2 in the other ( Table 2 ). The results of the albumin metabolic studies calculated from plasma disappearance curves are correct only if the following assumptions are fulfilled. (1) The subjects must be in a metabolically steady state during the investigation. (2) Newly synthesized albumin must pass directly from the liver to the blood without being trapped in extravascular compartments. (3) Catabolism must occur from or in close relation to the intravascular pool. From a clinical and laboratory point of view, the subjects were in a steady state, and several investigations have shown that the other assumptions are essentially fulfilled (16, 17) . It should be noted that the continuously liberated '"I which is part of the plasma activity that definitively leaves the body does not cause a distortion of the calculated results, since roughly 1% of the plasma 131 I is cleared by the kidneys per minute (PV = 3500 ml, iodide clearance = 35 ml/min [16] ) but only about 8% of the '"I-albumin is catabolized per 24 hours.
13.
.
10.
The major novel observation in the present study is that albumin metabolism is much more disturbed than would be expected from the moderate decrease in circulating intravascular albumin mass found in this and a previous study (1) in hypertensive subjects. The lowered albumin mass in both studies was the calculated product of a normal plasma albumin concentration and a moderately decreased plasma volume.
An increase in FCR was present in all subjects. The significant direct relation between FCR and TER found in this study compares well with data from the literature (3) and with our own investigations on the effects of acute plasma volume expansion in normal subjects (3, 4) . It should also be . pointed out that we have observed the combination of high FCR and high TER values in six subjects with acromegaly (18) . Figure 4 is a compilation of the results shown in Figure 3 and our data from normal subjects (4) and from subjects with acromegaly (18) ; it shows a fairly close correlation between the two variables and suggests that a causal relation might exist. We recognize the lack of a crucial study showing such a causal linkage, however. Our present findings lend support to the hypothesis first put forward by McFarlane (19, 20) and further discussed by Rossing et al. (3) that catabolism of albumin occurs in vascular endothelium and relates in some way to transcapillary protein transport. The reciprocal of FCR is the time the average albumin molecule spends on sojourns intravascularly. Since the molecules continuously circulate from plasma to extravascular spaces and back to the blood, the intravascular sojourn time is the sum of a number of transit times in plasma each separated by an extravascular period. The reciprocal of a mean intravascular transit time is TER as defined in this study. The statistically significant positive correlation between FCR and TER as shown in Figure 4 (FCR = 1.13TER + 5.5) implies that the number of intravascular transit times is more or less constant at various metabolic rates.
It should be stressed that the increased catabolism of albumin is of little quantitative importance for the results of the TER determinations from the decrease in plasma radioactivity during the initial 60 minutes, since the normal FCR is about 0.35%/ hour and the FCR in essential hypertension is 0.60% IVM/hour compared with average TER values of 5.6%/hour and 7.5%/hour, respectively. Furthermore, it should be emphasized that the correlation between FCR and TER is not spurious; it does not result because the same variables dominate both calculations. The calculation of FCR is dominated by c, and b , , that is, the last part of the turnover curve of Figure 1 . TER, on the other hand, is dominated by the early, steep phase of the curve (c 3 and b,) where extravasation of the tracer prevails over catabolism.
At present, we are unable to explain the increase in the calculated rate of albumin synthesis (S = IVMFCR). The albumin production rate is usually thought to be regulated via albumin concentration or colloid osmotic pressure in plasma or in hepatic interstitial fluid (21) . However, undermost conditions involving hypoalbuminemia due to increased FCR or plasma protein loss, the synthesis rate increases only moderately or not at all (21) (22) (23) . In our hypertensive subjects, the albumin concentration in the plasma was normal. Therefore, the plasma concentration could hardly have triggered the increase in production rate.
The finding of increased FCR and S values in essential hypertension has not been reported before. The result, however, is completely analogous to that found when preeclampsia and normal pregnancy are compared (24) . H0nger (24) found that preeclamptic women have reduced albumin masses and increased synthetic and fractional catabolic rates. The only difference from the present observations is that preeclamptic women are also hypoalbuminemic. Unfortunately, no blood pressures were given by Henger. This fact precludes a direct comparison of the two groups. Furthermore, an increased plasma clearance of T-1824 has been found in preeclampsia (25) .
The increased transcapillary escape rate of albumin correlated significantly with the blood pressure in the hypertensive group. Exactly the same results were found previously by Parving and Gyntelberg (1) and later confirmed by Ulrych (2). Our results, however, contradict Ulrych's hypothesis of an increased amount of interstitial protein in chronic essential hypertension, since the distribution ratio was normal, implying that the extravascular albumin mass was decreased in proportion to IVM.
As a simple explanation for the increased microvascular albumin leakage determined by TER, one might suggest an increased filtration rate of plasma protein due to a rise in the transmural hydrostatic pressure difference, particularly in the arterioles. This interpretation is correct if filtration in the form of sieving (ultrafiltration) acts as a main transport process for the whole-body transcapillary albumin escape, as suggested by Lassen et al. (26) . In addition, high arterial blood pressure can induce a stretching of the pores between the endothelial cells of the arterioles (27, 28) . However, we cannot draw any conclusions regarding this phenomenon from the present study, since the transcapillary escape rate was only measured for one plasma protein. However, during acute moderate hypertension in man (mean blood pressure increase of 34%), we have found evidence for the "stretched pore phenomenon"; the relative increase in TER is much more pronounced for the higher molecular weight substance IgM than it is for albumin (29).
Pinocytosis might equally well explain the increased TER of albumin if the ad hoc assumption is made that the process is pressure dependent. However, electron microscopic investigations of the increased capillary pressure in the lung (27) and the cutis (30) have revealed no evidence of increased pinocytosis.
The plasma volume was significantly reduced in the hypertensive group. The same result has been obtained in essential hypertension by several other investigators (2, (31) (32) (33) . The mechanism of the decrease in plasma volume is largely unknown. Recently some investigators have found that the plasma concentrations of catecholamines tend to be increased in essential hypertension (34, 35). Infusion of norepinephrine reduces the plasma volume (36). Thus, it is possible, as suggested by some authors (32, 33, 37), that an increased capillary filtration of water and a reduced venous capacitance are present in essential hypertension.
Ulrych (2) and Parving and Gyntelberg (1) have suggested that the increased microvascular protein escape causing an increased extravascular albumin mass might be an additional factor in the pathogenesis of the plasma volume reduction in essential hypertension. However, the present finding of a normal distribution ratio for the albumin masses between the intravascular and the extravascular space does not support this idea.
